Application No. 09/328,742 
Amendment Dated: December 1 , 2008 
Reply to Office Action of: May 30, 2008 

REMARKS 

No claims are added. Claims 1-23 and 26 are canceled. Claims 24 and 
28 are amended. Claims 24, 25 and 27-34 are currently pending. 

Reiection of claims 23-25, 28-30, 33 and 34 as indefinite 

The Examiner rejects claims 23-25, 28-30, 33 and 34 under 35 U.S.C. 1 12 
as indefinite because the previous amendment did not indicate removal of the 
entire structure AA-CO-NH-CH(CH3)CH20H in independent claim 28. Applicant 
believes that the Examiner actually meant that the enter structure "AA-CO-O- 
C(CH20H)2" was not removed in the prior amendment. Regardless, Applicant 
has amended claim 28 to indicate removal of both structures, thus obviating the 
rejection. 

Reiection of claims 28-30, 33 and 34 as anticipated 

The Examiner also rejects claims 28-30, 33 and 34 under 35 U.S.C. 
102(b) as anticipated by a reference to Abadji et al. (R-Methanandamide: A 
Chiral Novel Anandamide Possessing Higher Potency and Metabolic Stability, J. 
of Medicinal Chem., 1994, Vol. 37, no. 12, pp. 1889-1893). 

Accordingly, Applicant has amended independent claim 28 by removing 
the compound AA-CO-NH-CH(CH3)CH20H and respectfully requests that the 
Examiner withdraw his rejection. 

Reiection of claims 25, 27, 28 and 31-34 as anticipated 

The Examiner rejects claims 25, 27, 28 and 31-34 under 35 U.S.C. 102(b) 
as anticipated by a reference to Calignano et al. (Potentiation of anandamide 
hypotension by the transport inhibitor, AM404, European J. of Pharm., 1997, vol. 
337, pp. R1-R2). 

As argued in the Response to Office Action filed on August 15, 2006 and 
accepted by the Examiner in the Office Action of November 22, 2006, Calignano 
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is NOT prior art to the present Application. Regardless, Applicant reiterates his 
remarks from the August 15, 2006 Response as follows: 

• U.S. Provisional Patent Application No. 60/088,568 supports the use 
of AM404 

The present Application properly claims priority from U.S. Provisional 
Patent Application No. 60/088,568. The '568 application discloses the structure 
of compound AM404 and its use as an anandamide transport inhibitor. The '568 
application also provides guidance on where to find synthesis information for 
compound AM404 (see page 9). 

• Calignano is not prior art under 35 U.S.C. 102(b) 

The present Application properly claims priority from the '568 provisional 
application filed June 9, 1998. Consequently, the proper effective filing date for 
the present Application is June 9, 1998 and the proper 102(b) bar date is June 9, 
1997. 

Calignano was published August 21, 1997. Consequently, Calignano is 
not prior art under 35 U.S.C. 102(b). At best, Calignano may be prior art under 
35 U.S.C. 102(a). 

• A 35 U-S.C. 102(a) reference may be overcome by submission of a 
declaration under 37 CFR 1.131 

Rejections under 35 U.S.C. 102(a) can be overcome by submitting an 
affidavit or declaration under 37 CFR 1.131 showing prior invention (see MPEP § 
706.02(b)). Enclosed herewith are copies of the Declaration of Alexandres 
Makriyannis Under 37 CFR 1.131 and Exhibits A-E, as originally submitted with 
the Response to Office Action of August 15, 2006. 

As attested to in the Declaration, Applicant's invention of the recited 
subject matter predates the publication date of the Calignano reference. 
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Consequently, Calignano is not prior art under 35 U.S.C. 102(a) and Applicant 
respectfully requests that the Examiner withdraw the rejection of claims 25, 27, 
28 and 31-34 as anticipated by Calignano. 

Rejection of claims 23 and 24 as obvious 

The Examiner rejects claims 23 and 24 under 35 U.S.C. 103(a) as obvious 
in view of Abadji. Claim 23 is canceled, thus obviating its rejection. Additionally, 
claim 24 is amended to remove the stereoisomers of the compound disclosed by 
Abadji. Consequently, claim 24 is allowable. 

For the reasons stated herein, the pending claims are not anticipated or 
obvious. Applicant respectfully requests that the Examiner withdraw his 
rejections and pass the pending claims to issue. 
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Respectfully submitted, 



ALEXANDROS MAKRIYANNIS et al. 




Alexander E. Andrews 
Registration No. 62,205 
Alix, Yale & Ristas, LLP 
Attorney for Applicant 
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CLARATION OF ALEXANDROS MAKRIYANNIS UNDER 37 C.F.R. 1.131 
Alexandras Makriyannis, hereby declare: 

1. I am a cx)-inventor named in U.S. Patent Application No. 09/328,742. I have 
reviewed this application. 

2. I am a co-author of a printed publication article titled "Functional Role of High-Affinity 
Anandamide Transport, as Revealed by Selective Inhibition" published in SCIENCE, 
volume 277, pages 1094 -1097 and dated August 22, 1997. I have reviewed this article. 

3. Attached hereto are documents containing facts showing the preparation of N-(4- 
hydroxyphenyl)arachidonylamide (compound AM404) in the United States before 
August 1, 1997 . The dates on all documents have been redacted, which dates are 
prior to August 1, 1997. 

4. Also attached hereto are documents containing facts showing that N-(4- 
hydroxyphenyl)arachidonylamide (compound AM404) was tested in the United States 
before the August 1, 1997. The dates on all documents have been redacted, which 
dates are prior to August 1, 1997. 

5. Exhibit A is a photocopy of pages of a laboratory notebook illustrating an experiment 
testing compound AM404 for anandamide uptake in cells. These pages have been 
labeled with numbers 000001 to 000004 for convenience. 

6. Exhibit B is a photocopy of pages of a laboratory notebook illustrating another 
experiment testing compound AM404 for anandamide uptake in cells. These pages 
have been labeled with numbers 000005 to 000008 for convenience. 

7. Exhibit C is a photocopy of pages of a laboratory notebook illustrating another 
experiment testing compound AM404 for anandamide uptake in cells. These pages 
have been labeled with numbers 000009 to 000012 for convenience. 

8. Exhibit D is a photocopy of pages of a laboratory notebook illustrating another 
experiment testing compound AM404 for anandamide uptake in cells. These pages 
have been labeled with numbers 000013 to 000016 for convenience. 

9. Exhibit E is a photocopy of pages of a laboratory notebook illustrating another 
experiment testing compound AM404 for anandamide uptake in cells. These pages 
have been labeled with numbers 000017 to 000020 for convenience. 

10. Exhibits A-E illustrate that administration of compound AM404 to cells inhibits 
transport of anandamide in those cells. 




I hereby further declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 
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Anandamide Transporter Inhibitor Medications 



INVENTION DISCLOSURE Page 1 Disclosure No 

CD COMPLETE DESCRIPTION OF THE INVENTION: Use additional pages, if necessary, and attach any relevant sketches, 
diagrams, drawings, photographs or other illustrative material. ALL ATTACHED MATERL\LS MUST BE SIGNED 
AND DATED BY EACH INVENTOR AND WITNESSED. Description may be by reference to a separate document such 
as 3 publication, manuscript, preprint or report. Such documents must be attached. 

A carrier protein that transports extracellular anandamide across the cell membrane has 
been shown to be present in rat neurons and astrocytes, This carrier protein or anandamide 
transporter is believed to be responsible for the inactivation of anandamide, an endogenous 
cannabinoid for central cannabinoid receptors. Thus, anandamide released from neurons on 
depolarization is rapidly transported back into the cells and subsequently hydrolyzed by an 
amidase thereby terminating its biological actions. Anandamide transporter is a potential 
therapeutic target for the development of useful medications. 

We have discovered a phenolic analog of anandamide namely N-(4- 
hydroxyphenyOarachidonylamide (AM404) which inhibits the transport of anandamide across 
the cell membranes. AM404 does not activate cannabinoid receptors or inhibit anandamide 
hydrolysis per se. However, it does potentiate receptor-mediated anandamide responses by 
preventing anandamide reuptake. Continued on Supplement Pa^e 

il) NOVEL FEATURES: Clearly specify the novel aspects of your invention. Compared to present technology, how is your 
invention differentT 

AM4C)4 is a potent inhibitor of anandamide transport and it is the only compound known todate 
that competitively inhibits anandamide reuptake. 

What deficiency in the present technology does your invention improve upon? Is it more effective? cheaper? superior in 
other ways? 

Present cannabinoid drugs are targeted towards cannabinoid receptors (CBl and CB2) 
and anandamide amidase enzyme. AM404 described in this invention targets a novel protein 
called anandamide transporter. 

(3) STAGE OF DEVELOPMENT: Cite your specific results lo date demonstrating that your concept is valid. Has your work 
included laboratory studies? Pilot-scale e?cperimej\ls? Construction and testing of a prototype? 

AM404 inhibited accumulation of anandamide in rat neurons and astrocytes with an IC50 
of l^xM for neurons and 5^M for astrocytes. In addition, AM4Q4 potentiated and prolonged 
receptor-mediated effects of anandamide such as vasodialation. These experiments further 
support thai|AM404 is an inhibitor of anandamide transport. 




SUPPLEMENT PACE 



INVENTION DISCLOSURE FORM 



Disclosure No. 



Continued from page 1, item I: 

Structural formulas for AM404 and anandamidc are shown below. 

o 



Anandamide 



AM404 ' 



AM404 and its analogs are potential drug candidates for the treatment of ailments related to the 
cannabinoid system. Potential therapeutic uses of AM404 are pain alleviation (analgesia), 
treatment of cardiovascular diseases and blood pressure disorders. 




INVENTION DISCLOSURE 



Disclosure No, 



(4) VARIATIONS OF THE INVENTION: Discuss all alternate forms that you can foresee for this tnvenlion, whether or not 
you have eva}uaied them to date. (For example, chemical irventioni should consider analogs and derivatives.) 




Retro- AM 404 



R=rCHjOr(CH3), 



AM404 was first synthesized in March 1993 and tested in July 1997 as anandamide transport 
inhibitor 

(6) tNVENTOR'S PUBUCATION PLANS: Please list aU your publications - theses, reports, pre-prints, abstracts, papers, 
etc. that pertain to the invention. Include publication dates. Also, include manuscripts for publication (submitted or not), 
news releases, and internal publications. Enclose copies of all the above items with this disclosure. 

Bcltramo. M.; Stella, N.; Calignano. A.: Luki-; Makrivannis. A ,: Piomelli. D. Functional Role of High Affinity 
Anandimde Transport [nhibiior. as Rcvtaled by Selective Inhibition. Science 1997. 277, 1094. C t'vc/A<i « J ) * C 

BioWorld Today, Volume 8(162), August 21. 1997. 

(7) PRIOR DISCLOSURE: Please give the details (date, place and circumstances) of any oral or written disclosures of all or 
part of this invention. If disclosed to specific individuals, give their names. Include professional meetings and conferences. 
Has thU invention or a product resulting from this invenHon been offered for sale Of license? Have any samples related to 
this invention been distributed? 

No prior disclosure 



Inventor(sl 




Disclosed to^nd Understood by; 



ed Ip^nd Understoo 



. Date. 



. Date. 



INVENmON DISCLOSURE Page 3 Disclosure No. 

SUPPORTING INFORMATION 



(1) PRIOR KNOWLEDGE AND COMPETING RESEARCH AND DEVELOPMEKT: PUase iist all publications and patents 
by Ihe inventor or others thai relate to the invention. The inventor should thoroughly search the published literature and 
review closely related patents. Publications by the researchers: 

I) Calignano, A.; La Rana, G,; Bcltramo. M.; Makrivannis. A .: Piomelli, D. Potentiation of Anandamitie 
Hypotension by the Transport Inhibitor. AM404. Eur. J. Pharmacol 1997, R1-R2. 2) Calignano, A.; La Rana. 
G.; Makrivannis. A .: Lin. S .: Bcltramo, M.; Piomelli. D. Inhibition of Intestinal Motility by Anandamide, an 
Endogenous Cannabinoid. Eur. J. Pharmacol 1997, 340, R7-R8. 

List any known research groups currently engaged in research and development in this area. Include both academic and in- 
dustrial researchers. 

None 

(2) ALTERNATE TECHNOLOGY: Describe any known alternate technologies that accomplish the same or similar purposes as 
this invention. List companies and products that currently use these alternate technologies. 



None 

(3) COMMERCtAL APPUCATtON OF THE INVENTION: List all products, processes, devices, equipment, etc., to which 
your invention could be applied or which could result directly from your invention. Can these applications be developed in 
the near term (within two years) or the long term (more than two years)? 

Medicaiion lo alleviate pain and treatment of cardiovascular diseases. 
Long term devclopnnenl 

What firms or types of firms do you think may be interested in the invention? Wl\y? Name companies and specific persons 
if possible. Especially list companies with which you have had direct contact. 



Pharmaceutical and biotech companies 

(4) RESEARCH AND DEVELOPMENT PLANS: What additional research is needed to complete development and testing of 
the invention? Are you actively pursuing the needed work? Under whose sponsorship? About how long will this work 
take? What additional research support, if any. is needed for these efforts? 
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XDENITFICATION AND FUNCTIONAL ROLE OF HIGa AFFISTTY ANANDAMIDE 

TRANSPORT 

M. Beltramo*, N. Stella*. A. Calignano* S.Y. Lm+, A. Makri>iniiis+ and D. Piomelli*. *Thfi 
Neurosd. Insi. San Diego. CA 92121, *^Sch.of Pharm, Univ. of Kaplcj» Italy 80131, and '^Sch. of 
Phann. Univ. of Connecticut, Storrs. CT 06269. 

Anandamide (arachidonylethanolamide) is an endogenous lipid that activates brain cannabinoid 
receptors. Two main pathways have been proposed for anandamire inactivation: cellular uptake and 
enzymatic degradation. In the present study we ideniiSed and cha- acierued phamacologically a high 
affinity anandamide uptake system in neurons and astrocytes. Exoj enous [^H]anandamidc (spec, rad.: 
221 Ci/mmol) is rapidly cleared (ti/2=4 minutes) from the media of neurons or astrocytes in cell culture 
through a saturable, temperature-dependent and sodium^indepent ent transport system. This uptake 
displays high affinity for [^HJanandamide (neurons: Km 1.2 mia-»M; astrocytes: Km 0.32 miaoM). 
Competition experiments with fatty acid derivatives, arachidonic ac d, or palxnitoyiethanolamide proved 
its specificity. Screening of lipid uptake blockers and anandamide liialogs led to the identification of a 
compound N.(4"hydroxyphenyI) arachidonyl amide (AM404) whic i is potent and specific in inhibiting 
anandamide transport, but does not activate CB) cannabinoil receptors and does not inhibit 
anandamide degradation. la cuhurcs of cortical neurons, conccnln lions of anandamide higher than 0.3 
microM are necessary to activate CBl cannabinoid receptors and lo revcn fdrskoUn-induced adcnyl^ 
cyclase activity. In the presence of AM404 (10 microM) the potency of anandamide is greatly 
increased. By contrast, AM404 has no effect on adcnyiyl cyda >c ^^ctivity when applied alone (10 
microM), and does not potentiate adenylyl cyclase activity inhii»ition elicited by the CBl receptor 
agonist WIN-55212-2 (100 nM) or by gluiamate (3 microM). Th-: hot-plate model of analgesia in the 
mouse was used to test the functiona} roJe of anandamide transport m vivo. Intravenous (i.v) 
administration of anandamide (20 mg/kg) induces a modest, but si gnificant, analgesia which disappears 
60 minutes after the injcaioa and is prevented by SR*14ni6(l m»/kg, Lp.). Administration of AM404 
(10 mg/kg, i.v.) has no antinociceptive cheaper se within 60 iiinutcs of iryection, but significantly 
enhances and prolongs anandamide-induced analgesia. The idei lificaiion in neural cells of a high- 
af&nity [^HJanandaraide transport system and the discovery of s slecuvc transport blockers should be 
important to understand the physiological role of the endogenous cannabinoid system. In light of the 
multiple behavioral effects of cannabinoid receptor activation, t> esc inhibitors might also open novel 
therapeutic avenues for the treatment of psychiatric and neurologi ;al disorders. 

WoA ai Tie Ncuroscicnccs Institute w supponed by Nairoscitnccs Rcscar :h Foundation wtiich receives major support 
from Sandoi Phann. S.Y. Lin and A- Makriyannis were sappontd by a grant (DA-380I) from NIDA^. 
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Functional Role of High-Affinity Anandamide 
Transport, as Revealed by Selective Inhibition 

M. Beltramo. N. Stella, A. Calignano, S. Y. Lin. A. Makriyannis. 
D. Piomelli' 



Anaadamide. an endogenous figand for central cannabinotd recepiors. is released from 
neurons or^ depolarizatton and rapidJy rnactivaled. Anandamide inactwaliofk is r»ol com- 
pletely understood, but It may occur by transport into cells or by enzymaiic tiydrotysis. 
The compound W-(4-hydroxyphenyt)arachidonytamide (AM404) was shown to inhibit 
high-atfiruty ar^andarrude accumulation in rat neurons and astrocytes in vitro, an indi- 
cation that this accumulation resulted (rom earner-mediated transport. Although AM404 
did not activate canrabinoid receptors or inhibit anandamide hydrolysis, it enhanced 
receptor-mediated anar>damide fesporises in sfiiro and in vivo. The data indicate that 
carrier-mediated irartsport may be eisemial lor t emanation of the biological effects of 
ar\andamjde. zn6 may represent a potential drug target. 



Anandamide (arachidonylethanolamide) 
is an endogenous lipid chat activates brain 
cannabinotd receptors and mimics the 
pKarmacologicat effects of tetrahydro- 
cannabinol, the active principle of hisKish 
and marijuana {!). In Sutiuni, such tffecis 
include euphoria, calmness, dream states, 
and drowsiness (2), Depolarized rteurons re- 
lease anandamide (3) through a mechanism 
that may lequire the calcium-depender^t 
cleavage of a phospholipid precursor in neu- 
ronal membranes (4). Like other modulato- 
ry subsunccs, extracellular anandamide is 
thought to be rapidly mactivatcd, but the 
exact nature of this inaciivanng process is 
still unclear. A possibW pathway is hydrol- 
ysis to arachidontc acid and tthanotamirw. 
catalyzed by a membrane -bound faciy acid 
amide hydrolase (FAAH) highly expressed 
in rat bram and liver (5). Nevertheless, the 
W FAAH activity found in brain^lasma 
membranes iruitcatet that xhis.cniyme" tnay 
be IntraceHulariyLa-Possibilicy ihatjs fur- 



ther" supported fay SfrqiM^nCf analyst oCrat 
F AAH Ttf ). Although anandamide could 
gain access lo FAAH by passive diffusion, 
the transfer rate is cxptacd to be low be- 
cause of the molecular siie of this Upid 
mediator (7). In that other lipids including 
polyunsaturated fatty acids and prostaglan- 
din E, (PCEj) enter celb by carrier-medi- 
ated transporc (8, 9), it U possible that 
anandamide uses a similar mechanism. In- 
deed. Che cKUtence of » rapid, saturable 
process of anandamide accumulation into 
neural ccIU has been reported 01 TVis 

U BeArvno. N Steti. 0, T** Ne^oeaerces 

msauflt 10S40 J. J. Hop-dns Dn«. San 0«oo CA 

S. r tin ana A. MatoVannb. Sctcd o( Pnarmaey. UK. 
wty of CoonooQ^. Sto fn. CT 06269. USA. 

*To lUcrn corraspondence shftiO t* adAessoOL E-mat 
PCmetOnsiedu 



accumulation may result from the activity 
of a crai\smembtane carrier, which may thus 
participate in termination of the biological 
actioru of anandamide. Accordingly, we de- 
veloped drug iixhibiton of anandamide 
traruport and invesitgaicd their pharmaco- 
logical properties in cultures of rat cortical 
neurons or astrocytes. 

The accumulation of exogenous pHJanan- 
damide by neurons or astrocytes fulfills several 
ctttcria of a caftier-mediated craiuport (Fig. 1 ) 
(JO). It is 1 rapid process chat reaches 50% of 
its maximum within about 4 rain (Fig. lAV 
Furxhemiore, (^H}anandamide accumulation 
!s temperature-dependent (Fig lA) and satu- 
rable (Fig. I. B and C). Kinetic analyses le- 
veaied that accumulation in neuroru can be 
represented by two components of differing 
affinities (Wer affinity. Michacl'is constant, 
IC^. = 1 I (iM. maximum accumulation rate, 
^mw' ~ 90.9 pmol/min per milligram of pro- 
tein; higher afTmiry: = 0.052 jtM. V^, = 
5 9 pmol/min per milligram of protein) (Fig. 
I B). The higher afTmicy component may re- 
flect a binding siic. however, as it ts displaced 
by the cannabinoid receptor anragonisi. SR- 
)^1716-A (100 nM) (il). In astrocytes. 
l^HUnandamide accumulatitm ts represented 
by a single high-affinity component {K^ = 
0.32 iiM, =171 pmol/min per milligram 
of protem) (Fig. JC). Such apparent vaU 
ues arc similar to those of Vj\own neurotrans- 
mittcT upuVe jysiems (/ 2) and are suggestive 
cKercforc of hieK-afTiniry cafrier-roediaied 
transport. 

To characterize further this putative 
anandamide transport, we used cortical as- 
trocytes m culture As expected from a se- 
lective process, the tempcraturc-sefuitlvc 
component of (^Hlanandamidc accumula- 
tion was prevented by nonradioactive anan- 
damide, but not by palmiioylcthanolamide, 
arachidonatc, prostanoids, or leukotrienes 
(Ftg. 2A). Rcplaccmeru of extracellular 




0025 0 05 0.075 ai 0.125 
1/Anandamld« (nM) 

Rg. 1. Time course o( phQanartdarrude aocu- 
muObon m rat cortca) neurons tcirdes) or asiro* 
cyles (squares) al 37'C, ana astrocytes ai 0" lo 
A*C (diamonds). Resets ^ are expressed as 
mean = ol 6 lo 12 ndepervSem deterrrwva- 
t(ons. {B and C) Lmeweaver-BufV analyses ol 
pHlanandamide accumulaiion (37 'C. A mm} m 
neurons (B) or astrocytes (C). RcsuHs are Irom one 
expenmem represenlai've of INee pertomied in 
dupdcate with eat^ ceB type. The pr(]ananda* 
mide accumulaticn assay has been described 
(»£^. 



Na* with N-dimethylglucosamine or cho- 
line had no efTea [as percentage of control: 
N-dimcthylgIuco$amine, 124 * 12%; cho- 
line. 98 i H%; mean i SEM» n = 6), 
suggesting that f'HJanandamide accumula- 
tion is mediated by a Na*-indcpcrtdeni 
mechanism, which has been observed *ith 
other Itpitls (8, 9). Moreover, irthibicion of 
FAAH activity by treating the cells «ith 
(E).6-(bromomethyIene)tctrahvdro.3-(l- 
naphihaler\yI)*2H-pyran-2-one (25 jiM) or 
linolcyl trifluoromfchyl ketone (15 >iM) 
(J3, M) had no eflfecc (Fig. 2, B arwl C) 
This indicates that anandamide hydrolnts 
did not provide the driving force for arun* 
damide trarisport into astrocytes wirhtn the 
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Tig. 3. Inhibition ol pHJanandamicte 
accumtiaiion by bfomcrescU green m 
lA) astrocytes or (B| neurons: One as- 
terisk hdcales P < 0.05 and two as- 
lensks P < 0.01 lanaJysjs o( vanarce 
(ANOVA) foOowcd by Bonferroni tesll 
compared wirh control pH)ananda- 
m<Je accunxjialion. IrVNbition ol pH}. 
ansndamxle accumotatKn by AKA404 
tx^res) or AM403 (ctamonds) m p 
astrocytes or (O) ncuroos. The asten^ 
tndicaies P < 0 05 (paired Siuoenfs i 
test between AM404 and AM403) tnall 
expenmenis. ceDs were incubaied with 
Uie inhiWtOfS tor lO rrtn before the ad- 
dition of pHlanandarnde for an addt* 
tional 4 min. Resuas are «pressed as 
mean z S&M of three to nne indepen- 
dent detenninations. 



0 0.1 1 ID too 0 0,1 1 10 too 
Bromcreset green (ftM) Inhibitor (pM) 




];*lation in oorttca) astrocytes. Accumulation was 
- s-measured after a incubation with pHJanart- 
J darhJde at 37^. in the absence (control) or prcs- 
'ir erce of nonradioactive anandamide (100 m-M). 
"^Jpalmiioylelhanotamlde (100 arachidonate 
a - (too |iM^ leukotrtBne (LTC«; 1 (iMt teLtotriene 
'l (LTB^ 1 itM^. PGEj (lOO ^iM), or thromboxane 
8, (TX^ 50 fiK^ The broken kne ndicales non- 
'^^spedte pHtanandarrude accumulation in cete 
■«.- measured at 0" to 4'C (43 i 3% ol total accunxi- 
f^. taiion, which rt these ejtpcnments was 43.104 r 
la 1249 dpm per weO). Results are expressed as 
"» mear^ 2 SEM ^ ■ 6 to 9). Eflecte o> Faah ir*i«>- 
U ilors on (B) FAAH adwfty and (C| pHfanandam^Je 

acoimutetion h cortical astrocytes. Cels were 
11 cubated for 10 mm with (£KG-(bromomethyt- 
ene)telrahydro-3-0-n8phthaieny(l-2H-pyran.2- 
one (BTMP. 25 jiM) or Snoteyl mliuoro melhyl- 
ketooe (LyrhTfK, 15 |iWJ. arid then with the same 
drugs pKA pH)anandarnadB fey an additional 20 
min. The total radioactivity in cefl lipid extracts (to 
measire pH)arw>d3mide transport) (JO) and ra- 
dioadrvfty in nonesterffied arachidonste (lo mea- 
sure FAAH actrvfty) (73) were measured separ aie*y 
in samples o( tpid extracts prep^ from the 
same cuftures. 



time frame of our experiments. FmaUy. tKc 
cannabmoid receptor agonUt WlN-55212.2 
{I jtM) and anugonist SR-H1716.A <I0 
iiM) also had no effect, Juggcstiftg chat 
receptor intemariianon was not involved 
(Fig. 2A). 

A primary cricerion for defining carrier - 
mediated transport is pharmacological inhi- 
bition. To identify inhibitors of anandi' 
midc transport, we first examined com- 
poun<is that prevent the cellular uptake of 
other lipids, such as fatcy acids (phloretin. 



50 M-M). phospholipids (vcrapacntl, 100 
M-M; quinidine. 50 jtM). or PCE, Cbrom. 
tresol green, O.l to 100 )M) {IS). Among 
the compounds tested, only bromcresol 
green interfered with anand&mide trans- 
port, albeit with limited pocer^y arul partial 
efficacy (Fig. 3, A and B). Bromcresol green 
inhibited [^H]anandamide accumulation 
with an lCj0 (concentration needed to pro- 
duce half-maximal inhibition) of 4 liM in 
neurons and 1 2 (jlM in astrocytes and acted 
noncompecitively (16). Moreover, brom- 
cresol green had no significant effect on the 
binding of PHIWIN-S521 2-2 to rat cerebel- 
lar membranes (inhibition constant, K,, = 
22 p.M), FAAH activity in rat beam micro- 
somes (ICjo > 50 jiM), and uptake of 
PHlarachidonate or pH)cthanolamine in 
astrocytes (121 1 13% and 103 ± 12%. 
respectively, at 50 \iM bromcresol green, 
n = 3) (/7). The sensitivity to bromcresol 
green, which blocks PCB^ tonsport, raised 
the question of whether arurulamide accu- 
mulation occurred by means of a PCEj car- 
rier. That this is not the case waj shown by 
the lack of PHJPCE, accumulation in neu- 
rons or astrocytes {18} and by the Inabiliry 
of PGEj to interfere with pKlanandamide 
accumulation (Fig. 2 A). Previous results in- 
dicating that expression of PCEj transport- 
er mRNA in btain tissue is not detectable 
further support this conclusion (9). 

To search for rT>ore potent anandamide 
transport inhibitors, we synchesited and test- 
ed a scncs of stnictural analogs of ananda- 
midc (i9). From this screening, we selected 
the compound W-(4Jiydroxyphcnyl)atachi- 
donylamide (AM4W). wh»ch was both dfi- 
cacious and relatively potent (Ftg. 3. C and 
D; ICy, was 1 jiM in neurons and 5 \iM in 
astrocytes). As we anticipated from its chem- 
ical structure, AM 404 acted as a competitive 



inhibitor {20), suggesting that it mzy serve as 
a traiuport substrate or pseudosubstrate. In 
contrast, ac the concentrations tested 
AM404 had no effect on FAAH activity 
(ICjo > 30 »lM) or on uptake of PHlarac- 
hidonau or [^H)cthanolaminc (102 ^ 4% 
and 96 i 14%, respectively, at 20 )M 
AM404, n - 6). Funhcrmorc, a positional 
isomer of AM401, N-(3-hydroxyphcnyl)- 
arachidonylamide (AM403), was signifi- 
cantly less effective than AM404 in inhibit- 
ing trarupon (Fig. 3. C and D). These data 
provide pharmacological evidence for the 
existence of a specific anandamide transport- 
er and suggest (i) that neurcru arui astrocytes 
may act synergist ically in the bnm to dispose 
ofextrscellutararundamide and (li) that the 
tramport systems in these two cell types may 
differ kinctically and pharmacologically (Fig. 
I. B and C and Fig. 3. C and D). 

The identification of inhibiton allowed 
us to examine whether transmembrane 
traruport participates in terminating anan- 
damide responses mediated by carina binoid 
receptor activation. Cannablnoid receptors 
of the CBl subtype arc expressed in neuroru 
{21) where they art negatively coupled to 
adenylyt cyclase activity (22). Accordingly. 
In cultures of rat cortical neurons the can- 
nablnoid receptor agonise ^VlN-S52l2•2 in- 
hibited forskolin-stimulated adenosine 
3 '.5 '-monophosphate (cAMP) accumula- 
tion (control: 39 1 4 pmol per milligram of 
protein; 3 p.M forskolin; 56B r 4 pmol per 
milligram of protein; forskoltn plus I M-M 
WlN-55212.2: 220 i 24 pmol per milli- 
gram of protein), arwj this inhibition was 
prevented by the antagonist SR- 141716- A 
(I vM) (555 * 39 pmol/mg of protein, n « 
9) (23). Anandamide produced a similar 
effect, but with a potency (IC30. 1 M-M) t^>« 
was 1/20 of thai expected from its binding 
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conitanf for CBI csnnabinoid receptors (KT, 
• 50 nM) (I) (Fig 4A). TKe craniport 

• inhibitor AM«I04 bound [o CBI receptors 
with low amnity tK, * 1-8 jxM) (/9) and 
did not reduce cAMP concentrartom vvhcn 
applied 3C 10 }iM (Fig. ^B)- NcvcrrKclcsj. 
the drug enhanced the cffecu of ananda- 
tnide. mcrcasing the potency (by a (actor of 
10) and decreaiing ihc thrtshold (by a fac- 
tor of l/lOO). an cffca that was prevented 
' by SR-Hni6-A (Fig. ^A)- Thus, a con- 
cent ranon of anandamide tKat was below 
threshold when applied alor« (0.3 p-M) 
produced an almost maximal effect when 
applied with AM4W (Fig. IB). Bromcrtsol 
green and AM403, which were less effcaivc 
than AM4(M in inhibiiing anandamide 
transport (Fig. 3). were also less effective in 
enhancing the anandamide response (Fig. 
4B) Furthermore, the decreases in cAMP 
concentrations produced by WIN-55Z12-2 
(which stimulates CBI rccepion but is not 
subject to physiological clearance) or gluta- 
matc [which srimulaTcs mctabotropic rccep- 
""I lore negatively coupled co adcnylyl cyclase 
tl (24) and is cleared by a selective traruporter 
j'" (25)1 are cwc affected by any of the anan- 



."I Fig. 4. (A) Eflects of AM404 on anancJamide- 
Wuced in^ltoft^on o( aderyty* cycJase aciMty m 
1-1* cortcal naxons. The neurons were stimufated 
with forsteSn p jtM) m the prcsef«e of arw 
damide fO.Xl to 3 ^M; open circles), ananda* 
rT«cfe(O.00lto3>tM)pteAM4O4(10^M)[riIled 
circles), anandarrode 0 ttM) plus SR-U 1 716-A 
r'^. |1 M.M} (sQuaj-e). or artartdamide [0 3 )iM) plus 
n AM4W (10»J^ andSn-UWl6.A(1 M.M) ((n- 
' angle), (B) Eflects ol anandarnide iranspoft in- 
Zl hibim on anandamide-induced inrnoiiion o( 
.j^ atJenylyt cyclase actMty. ForskOGn (FSK>-slimu* 
".I tated f>eurofis were ncubaied wflh AKM04. 
AM403. or brcmcrescf green (each at 10 ilM] 
wlhoUl (FSK atone) or wilh (FSK + anandamide) 
0 J ^^M anandamide. ResuUs are expressed as 
mean : SEM of ntrw independent determma* 
tons. One asterisk indcates P < 0.05 arid NsfO 
astensks P < 0.01 (ANOVA followed by Bonf er- 
roni tesl). (C) Effects of AM4(M on the analgesic 
adrvity of ararxiamide in the hot piaie test. 
Three groups of sec mce received AM404 [10 
rng/kg, intravenous, anandamide (20m9/ko, in- 
travenous}, or anandamide plus AM 404. The hoi 
ptate lest ^.5*C) was performed at the times 
tfvfcated. and latency lo Jump pn seconds) v^s 
riwasured before (controO and after the drugs 
were i^pcled. tn al groups, latency lo jurrp be- 
fore Snjecljons was 21 i 0.6 s (n - 16), A fourth 
group ol mice recerved tfijections o< vehicle 
alone (saline eonlawig 20% d*T>cthy< sUtoxide). 
which did not aflBCt lalerwy to jump. One asler. 
isk "ndcalea P < 0,05 compared with urwijecled 
conUoh tANOVA lollowed by Bonferrom lest), 
and one aoss mdcaies P < O.Oi corrpared 
wtth anandamide-lreaied animals (Student's t 
test). 
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damidc transport inhibitors tested (26) 

These results succ"^ ^^^^ pharmacolog- 
teal blockade of carrier-mediated tianspon 
piotecrs anandamide from physiological in- 
acdvation. enhancing the potervcy of anan- 
damide to nearly that expected from iu 
affinity for CBI cannabinotd receptors in 
vttro. To fmd out whether ibis potentiation 
occurs in vtvo. we tested the effects of 
AM404 on the antinociceptive activity of 
anandamide in mice. Intravenous anan- 
damide (20 mg per kilogram of body 
weight) elicited a modest but jignificant 
analgesia, as measured by the hot plate test 

(27) (P < 0.05. Student's i test), this anal- 
gesia disappeared 60 min after iniection and 
was prevented by SR-MI716-A (Rg. 4C) 

(28) . Administration of AM4W ( 10 mg/icg. 
intravenously) had no antinociceptive ef- 
fect within 60 min of injection but signifi- 
cantly enhanced and prolonged arwndam- 
idc-tnduccd analgesia (Fig. 4C) (P < 0 01. 
Student's i test). 

Our findings indicate that a high-affin- 
iry transport system present in neurons ar*d 
astrocytes has a role in anandamide inacci- 
vat ion by removing thu lipid mediator fn>m 



the extracellular sp:*cc and delivering ii to 
intracellular metaboliimg eniyitics such as 
FAAH (5, 6) Therefore, the identification 
of selective inhibitors of anandamide trans- 
port should be instrumental in understand- 
ing the physiological roles of the endoge- 
nous cannabtnoid system and may lead to 
the development of therapeutic agents. 
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